This paper reports the results of studies of microbiological changes in the water quality of the Vistula and Brda rivers after the opening of sewage treatment plants in Bydgoszcz. The study involved determining the microbiological parameters of water quality. Based on the results obtained, it was found that the quality of the water in both rivers had improved decidedly after the opening of the plants, although an increased number of individual groups of microorganisms was found at the treated sewage outlet from one of the plants. 1 walczak@biol.uni.torun.pl 
INTRODUCTION
Surface waters constitute, in many cases, the main source of water used for domestic and industrial purposes. The possibility of using these resources depends mainly on the quality of the water (Koivunen et al. 2003) .
The main source of surface water contamination as regards quantity and quality is municipal sewage, which represents 72% of the total waste produced, and 28% of the total industrial waste produced (Gołębiowska et al. 1994) .
Waste, in particular municipal sewage, loads surface waters with considerable amounts of organic and inorganic substances, as well as characteristic microflora. Typical sewage microflora include fecal bacteria like those from the coli group, Escherichia coli, fecal streptococci, and pathogenic bacteria, e.g. Pseudomonas aeruginosa, Salmonella, Shigella, Bacillus cereus, or Clostridium perfringens (Rheinheimer 1992 , Geldreich 1997 , Moe 1997 .
The main purpose of treating sewage is to protect surface waters from contamination. No treatment plant can purify sewage 100% (Omura et al. 1989 , Koivunen et al. 2003 . This sewage is neutralized in rivers and lakes under the influence of self-purification processes, which subsequently leads to increased eutrophication and deteriorated water quality (Starmach 1976; Galvin, Mellado 1995) , thus making it impossible to reuse these resources.
An indicator of the contamination of water with human and animal feces is the presence of colon bacilli (Escherichia coli), which are not harmful for organisms in moderate quantities, but their presence may testify to the presence of pathogenic bacteria in the water (Starmach 1976 , Geldreich 1997 . Microbiological parameters are the main indicators of surface water quality.
For the present paper, the section of the lower Vistula within the city limits of Bydgoszcz, and the outlet of the Brda, were subjected to bacteriological and sanitary analyses, which served to evaluate the changes in the water quality of these rivers as a result of the opening of two sewage treatment plants, Fordon and Kapuściska.
MATERIALS AND METHODS
The Vistula exhibits its average, annual maximum water level in March and the minimum in September. The average flow of water in the Vistula increases in the direction of its mouth, where it reaches 1050 m 3 s -1 , while within the studied section it is about 900 m 3 s -1 (WIOŚ 2000) .
The Brda is the largest left-bank tributary of the Vistula. The average flow of water at the outlet is 31 m 3 s -1 .
The inflow of the Brda with its load of sewage from Bydgoszcz contributes to an increased load in the Vistula of nutrient compounds, organic matter, and bacteriological contamination, which, together with chlorophyll a, has led to the deterioration of the water quality in the river (WIOŚ 2000) .
The present research was conducted in two stages: stage I covered the period from October 2000 to June 2001; stage II from October 2001 to November 2002. Station 1 was located upstream of the main sewer outlet from the Kapuściska treatment plant; while station 2 was situated downstream of the outlet of this sewer; station 3 was situated on the Brda, just near the river's outlet into the Vistula; station 4 was situated upstream of the main sewer outlet from the Fordon treatment plant; and station 5 was situated downstream of the outlet of this sewer (Fig. 1 ).
Fig. 1. Location of sampling stations.
Both of the treatment plants that were studied for their effect on water quality were opened during stage I of the study. The Fordon sewage treatment plant treats municipal sewage from the left-bank part of Bydgoszcz at a maximum rate of 27,000 m 3 day -1 and was opened in late 2000. The Kapuściska treatment plant treats municipal sewage from the right-bank part of Bydgoszcz at a maximum rate of 40,000 m 3 day -1 , and industrial waste from the Zachem Chemical Plant at a maximum rate of between 10,000 to 16,000 m 3 day -1 . It was opened in late April 2001.
Both treatment plants are equipped with mechanical and biological (active sludge system) sewage treatment, but the post-sewage water is not disinfected.
Water for the analyses was taken from the current of the river using a Patalas sampler in accordance with standard EN ISO 5667-6: 1990(E). The water samples were placed in sterile glass containers.
The assessment of the degree of water pollution in both rivers was conducted based on bacteriological indicators including determining the number of heterotrophic bacteria (CFU 20ºC) according to standard EN ISO 6222: 1999(E). The number of fungi was determined using the split plates method with a solid medium containing chloramphenicol for cultivating yeast and mold. Determinations of the number of bacteria from the coli group (TC) and the number of bacteria from fecal coliforms (FC) was conducted according to the Most Probable Method (MPN) on an Eijkman broth medium. TC bacteria was incubated at 37°C for 48 h, and FC bacteria at 44°C for 48 h. All positive and doubtful samples on Eijkman medium that indicated the presence of coliform bacteria were inoculated onto a medium containing brilliant green. Then the samples were incubated at 44°C for 24 h. The result was deemed positive when the medium became opaque and simultaneously gas occurred in the Durhman tube or in all the medium, when this was stirred. The number of fecal streptococci (FS) was determined according to standard EN ISO 7899-2: 2000.
RESULTS AND DISCUSSION
One of the characteristic features of both rivers is the large fluctuation in the number of bacteria annually, which could be caused by rainfall and the overland flow of pollutants from the river basin. Fluctuations in the number of bacteria during the study period could also have been caused by the irregular operation of the Kapuściska and Fordon treatment plants.
Studies on the water quality of the Vistula and Brda rivers within the town of Bydgoszcz showed that the bacteria number of all the studied groups of micro-organisms was generally the lowest at water at station 1, located before the town, and highest in the water of the Brda (station 3), which used to take raw sewage from the town before the opening of both treatment plants (Table 1 -2 and Fig. 2-6 ).
The number of heterotrophic bacteria in the analyzed water samples ranged from 0.30 × 10 3 cells cm -3 at station 1 in February 2001 to 96.0 × 10 3 cells cm -3 in July 2002 at station 3 (Brda). The results indicate that the waters of the Brda are heavily polluted during the flow of this river through the town. Niewolak (1998) found considerably higher values of CFU, reaching 2.0 × 10 6 cells cm -3 , in the waters of the Czarna Hańcza River. Considerable quantities of these bacteria, from 1.97 × 10 3 cells cm -3 to 8.25 × 10 3 cells cm -3 , were also noted by Donderski and Wilk (2002) in the water of the Vistula on the section between Wyszogród and Toruń. The results of the research on the number of fungi in the tested water samples (Fig. 3) indicated that the smallest number of them were in the water at station 1, while the most were in the water of the Brda at station 3.
The beneficial effect of the treatment plants can be seen by comparing the average values of the numbers obtained in stages I and II of the research at stations 3, 4, and 5. Throughout the research period there was a considerable reduction in the number of these two groups of micro-organisms at these sites, e.g. at station 3 CFU bacteria number was 82.72 × 10 3 cells cm -3 , on average, in stage I, and in stage II this decreased to 27.71 × 10 3 cells cm -3 . Similarly, the number of fungi at this site decreased from an average of 10.25 × 10 3 cells cm -3 in stage I to 1.81 × 10 3 cells cm -3 in stage II. Such a radical reduction in the number of micro-organisms in the water of the Brda resulted in a reduction in the number at station 4 (Vistula), located downstream from the inflow of the Brda. The number of heterotrophic bacteria at station 4 decreased from an average of 34.47 × 10 3 cells cm -3 in stage I to 17.24 × 10 3 cells cm -3 in stage II, but the number of fungi increased from 0.89 × 10 2 cells cm -3 to 0.83 × 10 3 cells cm -3 . A reduction in the number of these micro-organisms was also noted in the water of station 5: the average CFU bacteria number of 25.59 × 10 3 cells cm -3 noted here in stage I decreased in stage II to 13.73 × 10 3 cells cm -3 , while the number of fungi decreased from 0.57 × 10 2 cells cm -3 to 0.20 × 10 2 cells cm -3 . A reduction in the number of these micro-organisms at station 5 is particularly important because the main sewer from the Fordon treatment plant is located between stations 4 and 5.
The decrease in the number of heterotrophic bacteria and fungi at these stations testifies to a reduction in the load of easily decomposed organic matter and fresh waste matter carried by the rivers. Apart from that, a reduction in the number of fungi is often connected with a decrease in the number of TC, FC, and FS bacteria, and thus with a reduction in general microbiological contamination and epidemiological threat (Arvanitidou et al. 2002) .
On the other hand, after the opening of the Kapuściska treatment plant, an increase took place, in the water at station 2, in the number of heterotrophic bacteria and fungi (on average, CFU bacteria: stage I -3.02 × 10 3 cells cm -3 ; stage II -16.75 × 10 3 cells cm -3 ; fungi: stage I -0.35 × 10 2 cells cm -3 ; stage II 0.74 × 10 2 cells cm -3 ). The observed increase in the number of these microorganisms in the water of this station is the consequence of installing a main sewer from the Kapuściska plant, upstream from station 2. It should be noted, however, that sewage was not released here before the opening of the treatment plant but directly into the Brda. The increase of microbiological pollution is to be expected at this site downstream of the inflow of large amounts of treated sewage (34,000 m 3 day -1 ), especially as this sewage is not disinfected and contains live micro-organisms.
Fecal bacteria like TC, FC and FS, which are sanitary indices of water quality, occur in enormous amounts in municipal sewage. The average number of TC and FC bacteria in untreated sewage is about 10 7 -10 9 and 10 6 -10 8 cells cm -3 (Rose et al. 1996) .
The research carried out for the present paper showed that, before the opening of the treatment plants, the water of the Brda River had the worst sanitary parameters (station 3), due to the inflow of the majority of the sewage from the town of Bydgoszcz at about 50,000 m 3 day -1 . The least microbiological contamination was found in the water at station 1, because it is situated upstream from the influence of the town.
The changes observed in the number of bacteria belonging to sanitary indicators (TC, FC, and FS) in the analyzed water samples are analogous to those in the case of heterotrophic bacteria and fungi for the whole study period.
At stations 3, 4 and 5, the number of TC, FC and FS bacteria after the opening of the treatment plants decreased. The greatest changes were noted in the water of the Brda (station 3), where the average values for stage I and II decreased substantially (TC from 122.90 × 10 3 to 59.56 × 10 3 cells 100 cm -3 ; FC from 20.92 × 10 3 to 14.62 × 10 3 cells 100 cm -3 ; FS from 25.07 × 10 2 to 9.53 × 10 2 cells cm -3 , respectively). The considerable reduction observed in the number of these bacteria is a natural consequence of the decrease in the amount of released untreated sewage. Galvin & Mellado (1995) found a similar degree of microbiological pollution before the opening of the treatment plants in rivers receiving municipal sewage, where TC = 100 × 10 3 cells 100 cm -3 and FC = 10 × 10 3 cells 100 cm -3 .
In the water at station 4 (Vistula), downstream from the inflow of the Brda, the general relations are similar to those described above, which indicates the considerable contribution of the Brda to the pollution of the Vistula in the area of Bydgoszcz. At station 5, situated downstream of the Fordon treatment plant, the number of indicator bacteria also decreased in comparison to station 4 and to the situation before the opening of the treatment plant, prior to which, basically untreated sewage was not released directly to the river but after filtration through an earth filter. Nevertheless, the analysis of the average contents of FC in the water at this station obtained in stages I and II of the research indicated a small increase in the values (2.81 × 10 3 and 3.08 × 10 3 cells 100 cm -3 , respectively). However, the increase in the number of FC bacteria in stage II is largely the consequence of two values -7.50 × 10 3 cells 100 cm -3 noted in April and November 2002. The value noted in November was probably connected with the operational failure of the plant, which took place a day before the samples were taken for analyses (personal communications from the staff). This failure led to the release of untreated sewage into the Vistula and thus to an increase in the number of TC, FC, and FS bacteria in the water at station 5.
On the other hand, as took place in the case of heterotrophic bacteria and fungi, an increase was noted in the number of indicator bacteria belonging to the TC, FC, and FS group in the water at station 2 after the Kapuściska treatment plant was opened. The increased number of bacteria from these groups in stage II of the research at station 2 should not be interpreted as being the result of the improper functioning of the plant, as before its opening municipal waste was not released here. It is known that, in the traditional biological sewage treatment process, if no disinfection takes place, the number of fecal bacteria will be reduced by about 1-3 orders of magnitude (Omura et al. 1989) . As a result, considerable numbers of these bacteria occur in treated sewage and after releasing them into the Vistula, an increase of microbiological pollution in the water at station 2 should be expected. However, the beneficial effect of this plant is clearly visible in the changes described above to the number of TC, FC, and FS bacteria that have taken place in the Brda (station 3) and Vistula (station 4). Site 4 in particular is the most objective for assessing the effect of this treatment plant on water quality in the Vistula, because it is in the place that the influence of treatment plant and the Brda is cumulated to the greatest extent. Since all of the microbiological parameters improved in the water at station 4, it can be stated that the opening of the Kapuściska treatment plant had a favorable effect on water quality in the Vistula.
The effect of the Fordon plant on Vistula water quality is much harder to assess, as sewage used to be released here, because the changes observed at station 5 are the sum of changes that take place over the whole river section studied.
The results presented here testify to the fact that the construction of more sewage treatment plants will lead to improvement in water quality. However, since the traditional treatment plant is not able to eliminate a considerable part of microbiological pollution, disinfection of the treated sewage is necessary. Otherwise, surface waters will be still a sanitary threat for the users.
